Objectives: Encouraging reassessment of intravenous antibiotic therapy at days 3 -4 is an important step in the management of patients and may be done by delivering a questionnaire or through systematic infectious disease physician (IDP) advice to prescribers.
Introduction
Early reassessment of antibiotic therapy is an important step in the management of patients and has been promoted in recent guidelines as an effective measure to improve antimicrobial use in hospitals. 1 -5 Between days 2 and 4 after the start of therapy, empirical therapy may be modified for several reasons. Microbiological results including pathogen identification and susceptibility are available at that time, allowing narrowing of the spectrum of drug(s) initially prescribed. Clinical reassessment of patients may also lead to stopping or modifying the planned duration of therapy. Finally, a switch from parenteral to oral therapy can be decided at this time. All these interventions have been promoted in antimicrobial stewardship programmes, to improve the quality of care, and help contain bacterial resistance and hospital antibiotic costs. 3 -5 However, studies have shown that early reassessment of antibiotic therapy is often overlooked by the attending physicians. 6 Many factors could explain this finding, including time constraints, rapid rotation of physicians in charge of the patients, insufficient training or reluctance to modify an apparently efficacious empirical therapy. In order to encourage reassessment of intravenous antibiotic therapy in their hospital, Senn et al. 7 developed a short questionnaire mailed to the physicians in charge of the patient at days 3 -4. This questionnaire emphasized key points for reassessment and its impact was evaluated in a randomized trial. As compared with the control group, time to modification of therapy was 14% shorter in the intervention group.
In our hospital, we recently evaluated the impact of a computer-prompted post-prescription review on antibiotic use. After screening of prescriptions, this alert allowed direct counselling by an infectious disease physician (IDP) in one half of the antibiotic courses and was well accepted by the majority of physicians. 8 Because of this encouraging result, we decided to evaluate the potential impact of a questionnaire similar to that proposed by Senn et al. 7 using the computer-generated alert system in place in our hospital. Our primary objective was to assess the impact of delivering this questionnaire to prescribing physicians and to compare the modification of prescriptions when the questionnaire was delivered alone or was followed by IDP counselling at day 4.
Patients and methods

Hospital setting
This was a non-randomized open trial conducted over 6 months in a 950 bed general university hospital. The guidelines issued by the hospital's Anti-infective Drugs Committee are distributed hospital-wide in pocket format and are also available on the Intranet system. Every 6 months, all staff and junior physicians of each ward are offered educational sessions about antibiotic prescribing. There is one IDP who provides advice on an on-call basis in all hospital wards and performs post-prescription review of 15 selected antibiotics in surgical and medical wards. This review is based on a computer-generated alert system that has been described in detail elsewhere. 8 The same system was used for the purposes of the present study. However, the post-prescription review performed by the IDP was stopped 4 months before starting the study, at the time when new residents started on hospital wards.
Overall, the medical and surgical wards included 150 physicians (half of which were residents) who were involved in the care of patients. Usually, antibiotic prescriptions were made by the residents.
Inclusion and exclusion criteria
All adult patients hospitalized in surgical or medical wards were screened 5 days a week by the IDP using the computer-generated alert. To be eligible, patients had to be treated with an intravenous antibiotic for 3-4 days. Only intravenous antibiotics included in the computer-generated alert were reviewed (including amoxicillin/clavulanate, piperacillin/tazobactam, cefotaxime, ceftriaxone, cefepime, ceftazidime, imipenem, gentamicin, ofloxacin, ciprofloxacin, levofloxacin, vancomycin and teicoplanin). Patients in whom modification of the antibiotic therapy occurred within the first 3-4 days of initiation of the intravenous antibiotic course were not included.
Interventions
Eligible patients were sequentially included in three consecutive groups each over a period of 8 weeks: first, conventional management by the attending physician without questionnaire delivery nor IDP postprescription review (control group); second, direct delivery of the questionnaire by a medical student to the physician in charge of the patients on the morning of day 4 (questionnaire group); and, third, direct delivery of the questionnaire on the morning of day 4 by a medical student, followed by systematic review of the prescription by the same IDP in the afternoon (Q-IDP group).
This questionnaire was adapted from Senn et al. 7 and asked three questions regarding possible adaptation of antibiotic therapy on day 4 ( Figure 1 ). Completed questionnaires were collected by the medical student 24 h later. If the physician had not yet completed it at that time, no further attempt was made. When the attending physician was absent, the questionnaire was left in the medical chart of the patient for 1 day. In the third period, IDP recommendations to modify the antibiotic regimen were provided orally to the attending physician when appropriate. When direct counselling to the physician could not be made, recommendations were written in the medical chart. These could be overridden and no further attempt was made if recommendations were not followed. However, compliance with recommendations was recorded. IDP advice solicited by ward physicians was allowed in the three periods of the study.
There were two changes of the prescribing residents during the three periods: first, residents of surgical wards who made antibiotic prescriptions rotated between the first and second periods; and, second, new residents (80% of residents of medical and surgical wards) entered the study at the start of the third period.
Data collection
Data collected included the demographic characteristics of patients, the ward where the prescription was initiated, presumed indication for antibiotic therapy, microbiological results available at day 4, requested consultation by the IDP and information on prescriptions of the 13 antibiotics selected, including the type, modalities of administration, spectrum of antibacterial activity and planned duration of treatment. As described previously, the electronic prescription system in place in our hospital does not contain any pre-specified antibiotic duration and cannot influence the planned duration of therapy. 8 Modifications of the initial antibiotic regimen prescribed and occurring from day 4 until the end of therapy were retrieved from the computerized prescription system. The total duration of antibiotic therapy included both intravenous and oral courses, including any switch of antibiotic because of toxicity for a given episode of infection. Replacement by another antibiotic because of a new infection was not considered.
Outcomes
The primary outcome of the study was modification of the initial therapy at day 4, defined as one or more of the following modifications: discontinuation of antibiotic therapy; switch to oral therapy; de-escalating therapy according to the clinical situation or by targeting documented pathogens; and reduction of the planned duration of therapy. 9 Secondary outcomes included any modification of initial therapy (including oral switch, de-escalation, withdrawal of therapy or reducing its duration) from day 4 and median duration of intravenous therapy.
Statistical analysis
The sample size was estimated on the basis of pre-study observations at our hospital that 50% of intravenous antibiotic prescriptions were modified by the physicians at day 4.
8 One hundred and three prescriptions were required in each group to reach 80% power of demonstrating an increase in the day 4 modification rate to 70% in one of the two intervention groups. This anticipated improvement of 20% was based on the results of the effect of providing usage feedback to prescribing physicians. 10 An 8 week period was the estimated time necessary to achieve the calculated sample size in each group.
Categorical variables were compared using the Pearson x 2 test or the Fisher exact test, as appropriate. Continuous variables were expressed as the median with interquartile range (IQR) and were compared using the Mann-Whitney U-test. Physicians' responses and modifications of therapy ordered were compared using the non-parametric McNemar matched pairs test. All statistical tests were two-tailed and statistical significance was set at 0.05. Analyses were performed by SPSS software, version 11.5 (SPSS).
Results
A total of 402 prescriptions ordered for 342 patients were assigned to the observational or intervention groups. Patients' Lesprit et al. characteristics were similar in the three groups (Table 1) . Prescriptions analysed originated from medical (60%) or surgical (40%) wards. The most common infections treated were pneumonia, intra-abdominal infections and urinary tract infections. Microbiologically documented infections accounted for 54% of the prescriptions. A majority of prescriptions were of broad-spectrum penicillins with inhibitors or third-generation cephalosporins.
In the control group, IDP advice was rarely requested by the physicians in charge of the patients. Although the questionnaire did not recommend requesting an IDP advice to consider modifying prescriptions, its distribution was associated with a significant 2-fold rise of IDP calls in the questionnaire group in comparison with the control group (35.6% versus 18.2%, P ¼ 0.001). IDP counselling was performed by only one physician throughout the study and was mainly based on reviewing patient's charts, often with the attending physician. Physical examination of patients was performed in 30% of cases. Overall, IDP counselling needed a mean of 10 min for each prescription review.
Comparison of the modifications of antibiotic prescriptions at day 4
In the control group, one half of the prescriptions were modified by the physician in charge, mostly via a reduction of planned Reassessment of antibiotic therapy 791 JAC duration of therapy ( Table 2) . Distribution of the questionnaire alone did not significantly increase the modification rate in comparison with the control group. In the Q-IDP group, most of the modifications (n¼ 61, 69.3%) occurred following IDP advice. Prescriptions were more often modified in the Q-IDP group in comparison with the control group (P ¼ 0.004). Therapy was stopped (in the absence of apparent bacterial infection) significantly more often in the Q-IDP group than in the control group (P,0.0001).
As compared with the questionnaire group, the modification rate after IDP counselling was higher but not significantly so (P ¼ 0.053). A discontinuation of therapy was more often suggested by the IDP (P ¼ 0.002); as a result, a reduction of planned duration was less often suggested (P ¼0.019). Similar results were obtained when the analyses were restricted to the subgroup of physicians who answered the questionnaire (119 physicians in the questionnaire group and 95 physicians in the Q-IDP group; Table 3 ).
Comparison of the modifications of antibiotic prescriptions until the end of therapy
The overall rate of modifications slightly increased to 60.6% in the control group, suggesting that few physicians decided to modify their prescriptions later than day 4. A similar rate of overall modifications was observed in the period when physicians received the questionnaire. However, these rates remained significantly lower than when prescriptions were systematically reviewed by the IDP (P ¼0.001) ( Table 2) .
Comparison of median duration of therapy
The planned duration initially ordered by physicians was similar in the three groups (Table 1) . There was a non-significant decrease in the overall duration of therapy in the Q-IDP group, as compared with the control group. However, no reduction of Physicians' responses to the questionnaire Among 265 questionnaires distributed to the physicians in charge of the patients in the questionnaire or Q-IDP groups, 231 (87.2%) were collected and 214 (80.8%) were completed by the attending physician. Among the reasons provided for continuing therapy, physicians answered that a total of 94 (43.9%) prescriptions were microbiologically documented. However, analysis of the available data by the IDP the same day found that a pathogen had been significantly more often identified, corresponding to 109 prescriptions (50.9%) (P¼ 0.03). Analysis of physicians' responses at day 4 showed that they were frequently reluctant to consider the following modifications: stopping therapy; de-escalating; or reducing the planned duration (Table 3 ). In the questionnaire group, comparison of physicians' responses to modifications ordered soon after responding to the questionnaire showed no improvement in the rate of discontinuation, de-escalation or switching to oral therapy. In contrast, distribution of the questionnaire seemed to encourage physicians to reduce the planned duration of therapy. Stopping therapy or reducing the planned duration was rarely considered by physicians in the Q-IDP group, but IDP intervention increased the rate of these modifications. Positive response given by the physician to the questionnaire. c Modification of the prescription ordered by the physician on day 4, after responding to the questionnaire. d Modification of the prescription ordered by the physician on day 4, after responding to the questionnaire and receiving IDP advice. e Including any of the following events: discontinuation; switch to oral therapy; de-escalating therapy according to the clinical situation or by targeting documented pathogens; and reduction of the planned duration of therapy.
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Discussion
This study evaluated two different ways to promote early modification of intravenous antibiotic therapy, i.e. simply distributing a questionnaire to remind prescribers of the opportunity for reassessing therapy or distributing a questionnaire followed by IDP counselling. We found that only distributing the questionnaire to physicians had a limited impact on modification of the therapy actually ordered, except for a non-significant reduction of the median duration of therapy by 1 day. In contrast, the modification rate was significantly higher when the questionnaire distribution was followed by recommendations by an IDP.
This evaluation took place as part of the antimicrobial stewardship programme developed in our hospital, using a prospective audit with intervention and feedback. This core strategy has been recommended in guidelines because it allows a review of antimicrobial prescriptions in terms of indication, drug selection, dose, route and duration. 2 -4 Intravenous antibiotics prescriptions are an ideal target to optimize antibiotic use, because interventional studies aiming at influencing their use have proved cost effective. 11 In a randomized study where an intervention by an infectious disease fellow and a clinical pharmacist was compared with a control group, 50% of antibiotic courses were found to justify intervention after 3 days of therapy. 12 Interventions were associated with a reduction in antibiotic charges without altering the clinical and microbiological responses rates.
Reassessment of therapy by the attending physician may be encouraged in different ways. It can be made directly by a member of the antimicrobial stewardship programme as 'unsolicited' feedback, but this requires a continuous effort to be effective and many hospitals may lack the resources to implement it. Another way is to implement questionnaires or computergenerated reminders designed to foster reassessment of therapy by physicians. These tools have shown some efficacy for specific objectives, such as encouraging an early switch to oral therapy, or improving intraoperative antibiotic prophylaxis or vancomycin use. 7,13 -15 In the study by Senn et al., 7 a computer-generated questionnaire was sent to prescribers at 3 days of intravenous therapy to remind them of the opportunity for modification of therapy. The benefit of this intervention was rather modest. In fact, the ratio for modification with distribution of the questionnaire was only close to statistical significance, resulting in a 14% reduction in the time elapsed until a modification of therapy occurred.
In this study, there was no beneficial effect of an intervention limited to distributing to physicians a questionnaire encouraging reassessment of intravenous antibiotic therapy at day 4; indeed, the rates of modifications ordered at that time were comparable in the control and questionnaire groups. However, some effect of distributing the questionnaire was observed on the reduction of total duration of therapy, but this result should be interpreted with caution because of the before-and-after design of the study. Although not reaching statistical significance, distribution of the questionnaire may have had a progressive and latent effect on the third period by contributing to educate physicians to reassess and streamline therapy. However, this effect must have been limited, because of the rotation of residents (mostly to other hospitals) just before the third period. Many factors could explain our findings. First, one half of prescriptions were modified by the physicians in the control period, suggesting that routine reassessment of prescription was already quite common in our hospital. Moreover, analysis of the rate of modification after day 4 showed that modification ordered by the physicians increased to 60.6%.
Second, it is of interest that distribution of the questionnaire was associated with a 2-fold increase in the requests for IDP advice, suggesting that physicians had some difficulties and needed counselling to reassess ongoing therapies. Lastly, prescription review by the IDP was associated with a significantly higher rate of modifications at day 4 or at the end of follow-up. Of note, the main modification following IDP intervention was an early discontinuation of antibiotic courses that were considered no longer necessary. The impact obtained through IDP counselling was therefore of interest, because reduction of the duration of antibiotic therapy is one of the most important steps to improve antimicrobial use in hospital. As previously described, IDP counselling performed by only one physician using the prescription review in place in our hospital used limited resources and was associated with an acceptable working time. 8 Although the modification rate from day 4 until the end of therapy was significantly higher during IDP review and rose up to 80%, it also suggests that 20% of the prescriptions analysed were either fully adequate or not easily amenable to modification.
The main limitation of our study was its non-randomized before-and-after design. Because we did not perform a crossover study with washout periods, we could not exclude that the previous two periods may have gradually increased the compliance to IDP intervention to a higher level in the third period. However, analysis of physicians' responses to the questionnaire between the second and third periods did not show any positive change. This suggests that their behaviour towards antibiotic reassessment was not influenced by the previous period. Another limitation was the short period of the intervention, so we could not exclude that the effect of the questionnaire may have been more pronounced had the intervention period been longer.
Comparison of physicians' responses to the questionnaire with the modification of therapy actually ordered provided some interesting observations. First, it is noteworthy that the response rate to the distributed questionnaire was 80% in our study, a rate higher than the 70% rate recorded by Senn et al. 7 when using a mailed questionnaire. Second, an unexpected finding was that physicians less often had knowledge of bacterial documentation than the IDP. The reason for this is not clear, because IDP evaluation was performed the same day and used the same tool. However, this discrepancy could explain in part the low rate of de-escalating therapy recorded in the control and questionnaire groups. Similarly, physicians often appeared reluctant to perform early switch to oral therapy. This could be targeted by a specific intervention within a computerized prescribing system, by implementing a mandatory response to the questionnaire at the time of antibiotic order renewal, similar to that described by Fischer et al. 13 On the other hand, a difference was observed with regard to the planned duration of the therapy. As shown by comparison of physicians' responses and the modifications they ordered, prescribers were rarely prone to stop therapy. With regard to these possible modifications, IDP interventions were clearly more effective than when only distributing the questionnaire. 16, 17 To conclude, an intervention based on only distributing a questionnaire reminder was not associated with a significant Lesprit et al. increase of the rate of early modifications of intravenous therapy and was less effective than direct counselling by an IDP. However, reminding prescribers of the early opportunity for modification of therapy at day 4 via a questionnaire may be an effective component of an antimicrobial stewardship programme, because of its educational role. Implementation of the questionnaire as a mandatory step within a computerized order renewal process after 3 days of intravenous therapy might enhance the effectiveness of this approach.
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